Abstract. The objective of this work was to study the adsorption capacity of metal-organic framework Cu-BTC on n-hexane in terms of flow rate, temperature, and cyclic adsorption. The experiment was carried out under atmospheric pressure by a thermogravimeter analyzer. The experimental temperatures were 303K and 313K, and the n-hexane inlet flow rates were 50 and 100 mL min -1 . Four cycles of adsorption and desorption were performed. Thorough cleaning can increase the surface area of Cu-BTC. Adsorption equilibrium time decreases with increasing flow rate. The amount of adsorption is related to temperature and flow rates. The amount of adsorption decreases with increasing temperature and increasing flow. Absorption and desorption rate are almost constant after four cycles.
Introduction
Cu-BTC(Cu 3 (BTC) 2 , BTC=1,3,5-benzenetricarboxylate) is a classical metal organic framework, which is widely used in the fields of adsorption storage [1] , separation [2, 3] . Many literatures have studied the adsorption process, mechanism and molecular simulation of Cu-BTC on the volatile organic compounds (VOCs) such as propane, butane and pentane isomers in detail. Hexane is one of the components of VOCs, however, there are few detailed studies on the adsorption of n-hexane by Cu-BTC. The recovery of VOCs is generally carried out at normal temperature and pressure, therefore, the adsorption capacity of Cu-BTC on n-hexane was investigated at 303 K and 313 K, respectively. Four cycles of adsorption and desorption were performed. A detailed study on the influence of inlet flow rate, temperature on the ability of Cu-BTC to adsorb n-hexane can provide certain reference for the recovery of VOCs.
Experimental

Synthesis of Cu-BTC
The synthesis steps [4] are as follows, with a slight change. Copper (II) nitrate trihydrate (2.078 g, 8.35 mmol, Shanghai Xinbao Fine Chemical Plant) and distilled water (15 mL, Shanghai Suitian Environmental Science and Technology Co.Ltd) were mixed and stirred evenly. 1,3,5-benzenetricarboxylic acid (1.002 g, 4.59 mmol, Aladdin) was dissolved in 30 mL mixture of ethanol (Shanghai Wokai Biotechnology Co. Ltd) and N,N-dimethylformamide (DMF, Jiangsu Qiangshenggongneng Chemicals Co. Ltd) in 1:1 v% with stirring. Then the two solutions were mixed and stirred for 10 min with magnetic stirrer (DF-101S, Shanghai JinFu Experimental Instrument Equipment Co. Ltd).The mixture was then transferred into Teflon-lined stainless steel autoclave (100 mL) and heated in oven (101-1BS, Bangxi Instrument Technology Co. Ltd.) at 373 K for 10 h. After cooling to room temperature normally, the solution was centrifuged and some blue solid product was attained. The solid was washed with ethanol to remove unreacted material, activated for one day and then dried at 353 K for 6 h.
N-hexane Adsorption
The adsorption capacity of Cu-BTC on hexane at different flow rates and temperatures was tested with a thermogravimetric analyzer (TGA/DSC3+, METTLER TOLEDO), which can determine the adsorption capacity and heat of adsorption at the same time. The n-hexane (liquid, 95%) was diluted with nitrogen (99.999%) under atmospheric pressure. Samples were taken 8-13 mg and placed in 150 μl ceramic crucibles. All samples were treated at 407 K before measurement. Thermogravimetric analyzer can keep the adsorption temperature constant. Adsorption capacity was tested with flow rates of 50 and 100 mL min -1 at 303 K and 313 K. Each measurement was repeated several times to obtain reproducibility.
Results and Discussion
Surface Area and Pore Volume
The Brunauer-Emmett-Teller (BET) surface area, Langmuir surface area and pore volume of Cu-BTC were obtained from nitrogen physisorption isotherms at 77 K by automated gas sorption analyzer (Quantanchrome), shown in Table I and Figure I .
The BET of Cu-BTC synthesized in this work is 1663.572 m 2 g -1 (Table 1) , slightly larger than that of 1482 m 2 g -1 in the reference [4] . The difference should be attributed to multiple washings with ethanol that can remove unreacted molecules and impurities on the surface. Extraction with methanol cannot remove surface molecules and impurities completely. It can be clearly seen from Figure II that the adsorption equilibrium time is about 600 s when the flow rate is 50 mL min -1 at 303 K and it decreases to 300 s while the flow rate increases to 100 mL min -1 . The amount of carried n-hexane increases with the increasing flow rate. Since the adsorption capacity of Cu-BTC on n-hexane is constant, the adsorption equilibrium time of a high flow rate is shorter than that of a low one. When the temperature rises to 313 K, increasing the flow rate can still shorten the adsorption equilibrium time. Adsorption equilibrium time decreases with increasing flow rate. At the flow rate of 50 mL min -1 , adsorbed amount decreases from 3.7975 to 3.6253 mmol g -1 as the temperature increased from 303 K to 313 K. At the flow rate of 100 mL min -1 , adsorbed amount also decreases from 3.6394 to 3.4721 mmol g -1 . With the flow rate increasing, the adsorption capacity decreases slightly as expected. Adsorption heat is generated during the adsorption process, which affects the adsorption amount. Increasing temperature will reduce the adsorbed amount because the adsorption is an exothermic process. In addition, adsorbed amount decreases as the flow rate increases at the same temperature. The reason for this phenomenon is probably that Cu-BTC requires a certain time to adsorb gas completely. When the flow rate increases, adsorption equilibrium time decreases, meaning that the adsorbent is not fully saturated, resulting in the decrease of adsorbed amount.
The Effect of Temperature on the Amount of Adsorption
Cyclic Adsorption/Desorption Rates
Figure V displays the cyclic adsorption/desorption rates of Cu-BTC at 303 K, 50mL min -1 . The adsorption rate ranges from 30.27% to 32.66%, and the desorption rate ranges from 27.58% to 27.93%. The adsorption rate is always slightly higher than the desorption rate, which is probably due to incomplete desorption that some gas molecules remain in the micropores. Although desorption is slightly incomplete, this phenomenon has almost no negative impact on total adsorbed amount. Figure VI exhibits the adsorption rates for four cycles at flow rates of 50 and 100 mL min -1 at 303 K. Figure VI indicates that the adsorption rate increases slightly and then tends to be stable. The possible reason for this phenomenon is that the initial adsorption does not reach the fully activated state, causing the first adsorption amount slightly lower than the second. A small amount of impurity gas may remain during heat treatment. Thermal desorption makes these gas escape so there is more space to adsorb n-hexane, in another word, adsorption rate increases. What's more, when the flow rate is low, the adsorption rate is high while the flow rate is high, the situation reverses, corresponding to the phenomenon in section C of chapter III. There is no significant fluctuation in the rate of adsorption and desorption after repeated cycles of absorption and desorption. The cyclic adsorption has almost no effect on the adsorption capacity of Cu-BTC, demonstrating that this material can be used repeatedly.
Conclusion
The adsorption capacity of Cu-BTC on n-hexane was measured under atmospheric pressure with a thermogravimetric analyzer at 303 K and 313 K, respectively. Experimental flow rates were 50 and 100 mL min -1 . Adsorption/desorption cycles were performed four times. The conclusions are as follows: The specific surface area is related to the cleaning process. Multiple cleaning with ethanol can increase the specific surface area of Cu-BTC. Adsorption equilibrium time relies on the flow rate of n-hexane. Increasing the flow rate will result in the reduction of adsorption equilibrium time. The adsorption amount of Cu-BTC on n-hexane depends on the flow rate and temperature. Increasing the flow rate and raising the temperature will cause a decrease in amount. After four adsorption/desorption cycles, the adsorption capacity of Cu-BTC on n-hexane is almost unchanged, which means Cu-BTC can be reused for many times. The effect of flow rate and temperature on the ability of Cu-BTC to adsorb n-hexane may be of some reference value for the recovery of hydrocarbon organic compounds.
